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PRINT DAXA COHTBOL SYSTEM 



BACKGROUND OF THE INVENTION 

1. Field, of the invention 

The present invention generally relates to a network system 
composed of ^ plurality of computers and a printer, and in 
5 particular to system and method for processing and transferring 
data from a computer to the printer. 

2 . Description of the Related Art 

There have been proposed several methods which expands 
print data generated by an application to bit-m.ap data for printer 

10 at a high sp&ed. For example, a printing system composed of a 
host computer and a printer has been disclosed in Japanese Patent 
Unexamined Publication No. 9-6552. According to this 
conventional printing system, a page of data is divided into a 
plurality of bands at the host computer . The first top band is 

15 expanded to first bit-map data at the host computer and the second 
top band is transferred from the host computer to the printer. 
The first bit-map data expanded at the host computer is transferred 
to the printer where the first bit -map data is printed while the 
second top band received from the host computer is expanded in 

20 parallel. Alternatively, while expanding the first top band at 
the host computer, the following bands are transferred to the 
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printer to be expanded. By repeatedly performing such data 
expanding and transferring a.t host computer and printer until the 
page of data has been printed^ the printing performance of the 
host computer is improved. 
5 Hov/ever^ in the conventional method, the parallel dara 

expanding is perforraed between the host computer and the printer 
with a predetermined sequence. Therefore, in the case of a 
network system such as a client/server system composed of a print 
server and a plurality of client computers, there are cases where 

10 the maxifflum performance cannot be achieved. In the case where 
a client computer operates at higher speeds and a print server 
at lov/er speeds, for example, the client computer must wait until 
the data expanding process has been completed at the print server. 
This causes the printing performance of the system to be reduced 

15 on the whole. 



SUI^ARY OF THE INVENTION 

An object of the present invention is to provide print data 
control system and method which can achieve high-speed printing 
in a network system. 
20 According to an aspect of the present invention, in a network 

system composed of a plurality of computers, print data is divided 
into a plurality of bands and then a sequentially selected one 
of the bands is transferred to an available one of at least two 
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print data expanders each implemented in. a computer. In each of 
the at least two print data ei<panders, a received band is expanded 
to bit-map band data. The bit-map band data expanded by the at 
least two print data expanders are combined to produce the bit-^map 
5 data corresponding to the print data. Preferably/ the print data 
is divided into sequential bands and thereby the bit-map band data 
expanded by the at least two print data expandera can be combined 
in original sequence. 

According to another aspect of the present invention, in 

10 a network system coHiposed of a print server computer and <a 
plurality of client computers, print data is divided into a 
plurality of sequential bands, which are distributed over the 
print server computer and at least one client computer to expand 
the sequential bands to bit-map band data in parallel among the 

15 print server computer and at least one client computer. The 
bit-map band data are combined to produce the bit-map data 
corresponding to the print data. 

According to still another aspect of the present invention, 
in a network system composed of a plurality of computers, the 

20 sequential bands are distributed over available computers to 
expand the sequential bands to bit-map band data in parallel among 
the available computers. 

As described above, the bands obtained by dividing the print 
data are distributed over available computers to be expanded to 

25 bit-map data in parallel among them. Therefore, the parallel 
sxpanding operation can be efficiently performed in the computer 
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network system such as client/server system, resulting in 
high-speed printing. 

Further, since each of the bands is transferred to an 
available print data expander or computer, the bands ar^ 
5 distributed over the computers taking into account the current 
burdens thereof. Therefore, a certain computer within the 
network system is prevented from being put under heavy load. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing client /server 
10 system eTRploying a print data control system according to a first 
embodiment of the present invention; 

Fig. 2 is a detailed block diagram showing a circuit 
configuration of the print data control system according to the 
first embodiment; 

15 Fig. 3 is a flow chart showing a control operation of a client 

computer; 

Fig. 41 is a flow chart showing a control operation of a print 
s e r ve r comput e r ; 



Fig. 5 is a block diagram showing client/server systera 
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employing a print data control system according to a second 
emtoodiment of the present invention; 

Fig. 5 is a schematic block diagram showing a network system 
employing a print data control system according to a third 
5 erabodittient of the present invention; 

Fig. 7 is a detailed block diagram showing a circuit 
configuration of the print data control system according to the 
third embodiment; 

Fig. 8 is a schematic block diagram showing the connection 
10 of a control program memory in the network system according to 
the first embodiment; and 

Pig, 9 is a schematic block diagram showing the cormection 
of a control program memory in the network system according to 
the third embodiment. 



15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIRST EMBODIMENT 
Referring to Pig. 1, a network system is composed of a print 
server coirtputer 101 and a plurality of client computers PCiy PC?/ 
•■■ , wherein the print server computer 101 is connected to a printer 
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103 through a communication buffer 102. Each client computer is 
provided with a band delivery section 11 and a data expander 12. 
The print server computer 101 is provided with a data expander 
13 and a combiner 14. 

For example, when a print request occurs and print data is 
generated by an application in the client computer PCi, print data 
for each page is horizontally divided into N bands Dbi-Dbn (N is 
an integer) which are numbered in sequence from the top of the 
page. The band delivery section 11 receives process statuses from 
the data expanders 12 and 13 and determines which one of the data 
expanders 12 and 13 should process each band depending on them. 
In other words, the band delivery section 11 distributes the 
sequential bands Dfia-DsN over available data expanders. 

The data expanders 12 and 13 output expanded band data to 
the combiner 14, which combines received band data so as to 
rearrange the received expanded band data in original sequence. 
The expanded data for each page is stored in a communication buffer 
102 and then is printed by the printer 103. 

In this manner, the print data for each page is expanded 
in bands at the client computer and the print server computer 101. 
More specifically, when a lot of band data to be expanded are 
received from a plurality of client computers, the print server 
computer 101 is burdened with a large amount of data to be processed, 
resulting in reduced processing speed. Contrarily, when the 
print server computer 101 is burdened with a small amount of data 
to be expanded, the print server computer 101 operates at very 
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high speeds. In this way, s. burden on the print server computer 
101 varies depending on the operation states of the clieht 
compurers , 

Therefore, when the print server computer 101 is burdened 
with a large amount of data and the client computer is not occupied 
fay another process, the print data would be expanded for the most 
part by the data expander 12 of the client computer. When the 
print server computer 101 is burdened with a small amount of data 
and the client computer is burdened with a lot of data to be 
processed, the print data would be expanded for the most part by 
the data expander 13 of the print server computer 101. The details 
will be described hereinafter. 

Referring to Fig. 2, assuming that print data is generated 
by an application 201 at a client computer PC. Print data for 
each page is output to an image processor 202, which divides the 
print data into data of N bands Dbi-Dbk which are numbered in 
sequence from the top of the page so as to allow the bands to be 
rearranged in original sequence. 

When sequentially receiving the respective band data Dbi-Dbh 
from the image processor 202, a band transfer controller 203 
determines v/hich side should expand each received band into 
bit-map data depending on client termination flag Fc received from 
a band data expander 204 and server termination flag Fg received 
from the server computer 101. More specifically, when receiving 
the client termination flag Fc indicating the termination of data 
processing from the band data expander 204, the band transfer 
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controller 203 transfers the data of a band Dgfi; with band number 
1 to the band data expander 204. Similarly, -when receiving x:he 
termination flag Fs indicating the termination of data processing 
from the server computer 101, the band transfer controller 203 
5 transfers- t:he data of a band Daij) with band number j to the server 
comp'ater lOl. In this manner, the sequential bands are 
distributed over available band data expanders. 

When receiving the band data Dbji) from the band transfer 
controller 203, the band data expander 204 expands the band data 

iO to bit-map data Dbmu) for printing and stores it onto a band buffer 
205- During the data expanding operation, the client termnation 
flag Fc is reset . When the band data has been completely expanded, 
the band data expander 204 set the client termination flag Fc and 
sends it back to the band transfer controller 203. 

15 Each client computer is provided with a predetermined 

interface circuit 206 to be connected to the network system. The 
bit-map data D^hu) and the band data Dscj) are sent to the server 
computer 101 through a predetermined interface circuit 20 S. 
Further, the server termination flag Fs is received from the server 

20 computer 101 through the interface circuit 206. 

The server computer 101 is provided with a predetermined 
interface circuit 207 through which the server termination flag 
Fs is sent to the client computer PC and the bit-map data Dbmhj 
and the band data Db^^) are received from the client computer PC. 

25 The server computer 101 includes a band data expander 208 

and a band buffer 209. When receiving the band data DB(j> from the 
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client computer PC, the band data expander 208 expands the band 
<iAta to bit-map data Dbm'o) printing and stores it onto the band 
buffer 209. During the data expanding operation, the server 
termination flag Fg is reset. When the band data has been 
5 completely expanded, the band data expander 208 sets the server 
termination flag Fs and sends it back to th& band tran&fsr 
controller 203 of the client computer PC. 

The server computer 101 further includes a controller 210 
and a bit-map data buffer 211 for storing client bit-irtap data 

10 received from the client computers. The controller 210 receives 
the bit-map data DsMta^ from the client computer PC and the bit-map 
data DsMij? from the band data expander 208, which are stored onto 
the bit-map data buffer 211 so that the bit-map data of bands are 
rearranged in original sequence by referring to the attached band 

15 numbers. More specifically, there is cases where the bit-map data 
DBM{i> and the bit-map data DsMtj; are not received in original 
sequence due to difference in speed between the client computer- 
PC and the print server computer 101, Therefore, it is necessary 
to check the band number of each received bit-map data and thereby 

20 to rearrange the received bit-map data to reproduce the bit-map 
data for each page to be printed. 

In other words, in the parallel banding, it is necessary 
to synchronize the client computer PC and the print server computer 
101 with respect to banding process. For this, the bit-map data 

25 buffer 211 is provided to save the bit-map data Dbk^) received from 
the client computer PC so as to prevent the lack of the necessary 
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band data. 

The controller 210 performs such rearrangersent and further 
adds printer control codes of page description language <PDL) to 
the rearranged bit-raap data for each page. In this way, the 
rearranged bit-map data with PDL codes is stored onto the 
commraication buffer 103 and then is printed on the printer 102. 

It should be noted that the image processor 202, the band 
transfer controller 203, and the band data expander 204 in each 
client computer could be implemented with a program-controlled 
processor running the equivalent client control program. 
Similarly, in the server computer 101, the band expander 208 and 
the controller 210 could be implemented with a program-controlled 
processor running the equivalent server control program. 
BAND TRANSFER CONTROL 

Referring to Fig. 3, when receiving page print data 
including text data, graphic data and bit-map information from 
the application 201 (step S301) , the image processor 202 divides 
the page data into numbered bands Dbi-Dbh (step S302) . The band 
transfer controller 203 inputs one of the bands Dbi-Dbk in sequence 
(step S303) and then checks the client tenrdnation flag Fc and 
the server termination flag Fs (step S304). 

When the client termination flag Fc indicates the 
termination of data processing of the band data expander 20 4 (here, 
Fc = 1), the band transfer controller 203 transfers the data of 
a band Djs(i) with band nuinber i to the band data expander 204 , When 
receiving the band data D^^) from the band transfer controller 
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203, the band data expander 204 expands the band data to bit- 
map data Dbmcd for printing and stores it onto the band buffer 205 
(step S306) . During the data expanding operation, the client 
termination flag Fc is reset to 0. When the band data has been 
5 completely expanded, the band data expander 204 set the client 
termination flag Fc to 1 and sends it back to the band transfer 
controller 203. 

On the other hand, vjhsn the server termination flag Fs 
indicates the termination of data processing of the band data 
10 expander 208 of the print server computer 101 (here, Fg =• 1) , the 
band transfer controller 203 transfers the data of a band DB(j) 
with band nixraber j to the print server computer 101 through the 
interface circuit 206 (step S307) . 

In this manner, the steps S303-S307 are repeatedly 
15 performed until a selected band has reached the end of the page 
(step S308) . 

BIT-MAP BAND DATA COMBINATION 
Referring to Fig. 4, when receiving data from the client 
computer PC (step S401) , it is determined whether it is band data 

20 or bit-roap data (step 3402} . When the band data Dscj) is received 
from the client comp-uter PC, the band data expander 20 B expands 
the band data to bit-map data DBK<j) and stores it onto the band 
buffer 209 (step S403) . During the data expanding operation, the 
server termination flag Fg is reset to 0. When the received band 

25 data has been completely expanded (YES in step S4 04) , the band 
data expander 208 sets the server termination flag to 1 and 
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sends it back to the band transfer controller 203 of the client 
computer PC (step S405) , When the bit — iTtsp cist a C)BM(i> is recsiveci 
frora the client computer PC, it is stored onto the bit-map data 
buffer 211 (step S406) . 
5 The bit-map data Dma) received from th« client computer 

PC and the bit-aap data D^^j) received from the band data expander 
20S are rearranged according to their band numbers if necessary 
(step S407) . Thereafter, PDL codes are added to the rearranged 
bit-map data for each page (step S40S) and then the rearranged 

10 bit-raap data with PDL codes is sent to the printer 102 through 
the coircnunication buffer 103 (step S409) . 

SECOND EMBODIMEKT 
The present invention is not limited to the parallel data 
expanding between the print server computer 101 and the client 

15 computer PC as shown in Fig. 2. The print data divided into N 
bands may be expanded in parallel between one server computer and 
M client computers PCi-PCm/ wherein M is an integer that is greater 
than 1 and not greater than the number N of bands. 

Referring to Fig. 5, assuming that at the client computer 

20 PCi, the application 201 produces the print data, which are divided 
into the band data Dbi-Dsu by the image processor 2 02 as described 
before. In this embodiment, the client computers PC1-PC3 have the 
same circuit configuration and the functions of each client 
computer are similar to those of the client computer PC of Fig. 

25 2. The client computers PCa-PC3 and the print server computer 
101 are connected to form the client /server network system. The 
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feature of the second embodiment resides in that each of the client 
computers PC1-PC3 can deliver the toand data to the other client 
computers and the print server computer 101 to perforin the parallel 
data expanding between them. 
5 The band transfer controller 203 of the client computer PCi 

delivers the band data Dbi-Dbh in sequence ro one of the band data 
expanders indicated by the same reference numeral 204 ox the client 
computers PC1-FC3 and the band data expandsr 208 of th© print server 
computer 101 depending on the termination flag received f roint each 

10 of the band data expanders. 

More specifically^ at ths client computer PCi, when 
receiving page print data including text data, graphic data and 
bit-nvap information from the application 201, the image processor 
202 divides the page data into the numbered bands Dbi-Dbn. The band 

15 transfer controller 203 inputs one of the bands Dbi-Dbh in sequence 
and checks the clien.t termination flags Fci-Fc3 and the server 
termination flag Fg, The respective client termination flags 
Fii-Fc3 are received from the band data expanders 204 of the client 
coraputers PC1-PC3 and the server termination flag Fs is received 

20 from the band data expander 208 of the print server computer 101. 

In the case where the client termination flag Fci indicates 
the termination of data processing of the band data expander 204 
(here, Fci = 1), the band transfer controller 203 transfers the 
data of a band Dbu) with band number i to the band data expander 

25 204, which expands the band data to bit-map data Dsun) vcith band 
number i and stores it onto the band buffer 205. During the data 
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expanding operation, the client teritii nation flag Fci is reset to 
0 . When the band data has been completely expanded, the band data 
expander 204 sets the client terminatiori flag Fci to 1 and sends 
it back to the band transfer controller 203. The bit-map data 
5 DsKti) with band number i is transferred from the band buffer 205 
of the client computers PCi to the print server computer 101 through 
the network. 

On the other hand, when the client termination flag Fc2 or 
Fc3 (hereinafter, described as Fca/Fcs) indicates the termination 

10 of data processing at the client computer PC2/PC3 (here, Fcs/Fcs 
= 1) , the band transfer controller 203 of the client computer ?Ci 
transfers the data of a band D^jij with band number i to the client 
computer PC2/PC3, where the band data expander 204 expands the 
received band data to bit-raap data DsMti) with band number i and 

15 stores it onto the band buffer 205. During the data expanding 
operation, the client termination flag Fc2/Fc3 is reset to 0. When 
the band data has been coit^letely expanded, the band data expander 
204 of the client computer PC2/PC3 sets the client termination flag 
Fc2/Fc3 to 1 and sends it back to the band transfer controller 203 

20 of the client computer PCi. The bit-map data Db^ki, with band number 
i is transferred from the band buffer 205 of the client computer 
PC2/PC5 to the print server computer 101 through the network. 

Similarly, when the server termination flag Fs indicates 
the termination of data processing of the band data expander 208 

25 of the print server computer 101 (here, Fs 1) , the band transfer 
controller 203 of the client computer PCi transfers the data of 
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a band Db^^, with band number j to the print server computer 101 
through the interface circuit 206. 

At the print server computer 101, when receiT?ing data from 
the client computer, it is determined whether it is band data or 
5 bit-map data as shown in. step S402 of Fig. 4. When the band data 
DB(j> is received from the client computer PCi, the band data 
expander 208 expands the band data to bit-map data Dbsk,} and stores 
it onto the band buffer 209. During the data expanding operation^, 
the server terir.ination flag is reset to 0 and i^ sent back to 

10 the client computer PCi through the network. When the received 
band data has been completely expanded, the band data expander 
208 sets the server termination flag Fg to 1 and sends it back 
to the band transfer controller 203 of the clie.iT: computer PCi. 
When the bit-jfrtap data I^Mfx) is received from one of the client 

15 computers FC1-FC2, it is stored onto the bit-map data buffer 211. 

As described before, the bit-map data Dm{i) are not always 
received in original sequence from the client computers PC1-PC3 
due ro difference in speed between the client computers PC1-PC3. 
Further, the bit-map data Hhsax) and the bit-map data Dbhim sre not 

20 always received in original sequence due to difference in speed 
between the client computers PCi-PCs and the print server computer 
101. Therefore^, the bit-inap data buffer 211 is used to rearrange 
the bit-map data of bands in original sequence by referring to 
the attached band numbers as described before. 

2 5 THIRD EMBODIMENT 

As shown in Fig. 6, the present invention can be applied 
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to network printer system composed of a printer and a plurality 
of computers PCi, PCs, ... . The printer is directly connected to 
the network system. In such a system, a computer causes other 
computers to be used to expand the print data in bands . The details 
v^ill be described hereinafter. 

Referring to Fig. 7, the client computer PCi is connected 
to the printer 102 through the coiranunicstion buffer 10 3. The 
client computer PCi is also connected to a plurality of computers 
PCs, PCs through a predetermined interface that is not shown in 
this figure for simplicity. In this einbodiitient , the computers 
PC1-PC3 have the same circuit configuration and the functions of 
each client computer are similar to those of the client computer 
PC of Fig. 2. The feature of the third erobodiment; resides in 
that each of the computers PCi-PCa can deliver the band data to 
the other computers to perform the parallel data expanding between 
them and further can rearrange received bit-roap data in original 
sequence to produce bit-map data for printing. 

An application 701 produces the print data, which sre 
divided into the band data Dbx-Dbm by an image processor 702 as 
described before. When sequentially receiving the respective 
band data Dbi-Dbs with band numbers from the image processor 702^ 
a band transfer controller 703 determines which computer should 
expand each band data into bit-map data depending on termination 
flags received from the computers PC2 and PC3 and a band data 
expander 704. 

More specifically^ when the termination flag of the band 
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data expander 704 indicates the termination of data procsssing, 
the band transfer controller 703 transfers the data of a band with 
band number to the band data expander 704. When the termination 
flag of the computer PCg indicates the termination of data 
processing, the band transfer controller 703 transfers the data 
of a band with band nuiiiber to the computer PCs- Similarly the 
teriuination flag of the computer PC3 indicates th« termination 
of data processing, the band transfer controller 703 transfers 
the data of a band with band nuiaber to the computer PC3. 

At the computer PCi^ when receiving the band data from the 
band transfer controller 703, the band data expander 704 expands 
the band data to bit-map data and stores it onto a band buffer 
7 05. During the data expanding operation, the termination flag 
is reset. When the band data has been completely expanded^ the 
band data expander 704 set the termination flag and sends it back 
to the band transfer controller 703. 

A controller 70$ receives the expanded bit-map data from 
the band data expander 704 and the computers PC2 and PC3 and stores 
the bit-map data f.rom the computers PCs and PCs onto the bit-map 
data buffer 707. The controller 706 rearranges the received 
bit-map data in original sequence by referring to the attached 
band nmnbers as described before. In other words, the computer 
PCi includes the combined functions of the client and server 
computers as shown in Figs, 3 and 4, 

Each of the computers PC2 and PC3 is provided with a 
controller 710, a band data expander 711, a band buffer 712, and 
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the piredetermined interface circuit (not shown) . The band data 
IS received from the computer PCi and the termination flag is 
transmitted to the computer PCj, through the predetermined 
interface. When the computer PCs/PCs receives the band data from 
5 the computer PCi, the band data expander 711 expands it to bit-map 
data^ which is output to the computer PCi. At the computer PCi 
the controller 706 rearranges the received bit -map data in 
original sequence by referring to the attached band numbers and 
outputs the bit-if!.ap data with PDL codes to the printer 102 through 

10 the ccttonuni cation buffer 103. 

As described before, in the first embodiment as shewn in 
Fig. 2, the band transfer controller 203, and the band data 
expander 204 in each client coxr^uter could be implemented with 
a program-conrrolled processor running the equivalent client 

15 control program. Similarly, in the server computer 101, the band 
expander 206 and the controller 210 could be implemen-ced with a 
program-controlled processor running the equivalent server 
control program. 

Referring to Fig. 8, the client computer PCi is provided 

20 with a control program memory 801 storing the programs of the above 
functions corresponding to the band transfer controller 203, and 
the band data expander 204 as shown in Fig. 3. Similarly, the 
print server computer 101 may be provided with a control program 
memory (not shown) storing the programs of the above functions 

25 corresponding to the band expander 208 and the controller 210 as 
shown in Fig. 4. 
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As described before, in the third embodiment as shown in 
Fig. 7, the band transfer controller 703, the band data expander 
7 04 and the controller 706 in each computer could be implemented 
with a program-controlled processor running the equivalent client 
control program. 

Referring to Fig. 9, the computer PCi is provided with a 
control program memory S02 storing the programs of the above 
functions corresponding to the band transfer controller 703, the 
band data expander 704 and the controller 706. Therefore, it can 
be said that the control program memory 802 stores the prograin 
combining programs as shown in Pigs. 3 and 4. 

The control program memories 801 and 802 may be a inagnetic 
disk, magneto-optic disk, semiconductor memory or the like. 
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What is claimed is: 



1. A method for expanding print data to bit-map data in 
a network system composed of a plurality of computers, comprising 
the steps of : 

a) dividing the print data into a plurality of bands ; 

b) transferring a sequentially selected one of the 
bands to an available one of at least two print data expanders 
each implemented in a computer; 

c) expanding a received band to bit-map band data in 
each of the at least two print data expanders; and 

d) combining the bit-map band data expanded by the 
at least two print data expanders to produce the bit -map data 
corresponding to the print data. 

2. The method according to claim 1, wherein the step b) 
comprises the steps of: 

selecting one from the bands in sequencer- 
selecting one of the at least two print data expanders 

by checking a process status of each of the at least two print 

data expanders; and 

transferring a selecred band to a selected print data 

expander. 

3. The method according to claim 1, wherein the step c) 
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coinprises the steps of: 

expanding the received band to bit-map band data in 
each of the at least two print data expanders; 

setting a process status of a print data expander to 
unavailable while expanding the received band; and 

resetting the process status to available when the 
received band has been expanded. 



4. The method according to claim 2, wherein the step c) 
coitiprises the steps of: 

eKpanding the received band to bit-map band dara in 
each of the at least two print data expanders; 

setting the process status of a print data expander 
to unavailable while expanding the received band; and 

resetting the process status to available when the 
received band has been expanded. 

5. The method according to claim 1, wherein, in the step 
a) , the print data is divided into the bands which are numbered 
from top of a page in sequence. 

6. The method according to claim 5, wherein the step d) 
comprises the steps of: 

receiving the bit-map band data from the at least two 
print data expanders; 

determining whether the bit-map band data are 
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received in original sequence of the bands ; 

rearranging the bit-map band data in the original 
sequence when a sequence of the bit-iaap band data is not identical 
to the original sequence; and 
5 reproducing the bit-map data corresponding to the 

print data. 

7 . A network system composed of a plurality of computers, 
comprising: 

a plurality of print data expanders each implemented 
10 in a computer, for expanding print data to bit-map data; 

a page divider for dividing the print data for each 
page into a plurality of bands; 

a band transfer controller for transferring a 
sequentially selected one of the bands to an available one of at 
15 least tv/o print data expanders each implemented in a computei'; 

a combiner for combining bit-map band data expanded 
by the at least two print data expanders to produce the bit -map 
data corresponding to the print data. 

8. The network system according to claim 1 , wherein the 
20 band transfer controller selects one from the bands in sequence 

and one of the at least two print data expanders by checking a 
process stat-us of each of the at least two print data expanders, 
and then transfers a selected band to a selected print data 
expander. 
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9. The network system according to claim 1 , wherein each 
of the at least two print data expanders expands a received band 
to bit-map band data, sets a process status of a print data expander 
tc unavailable while expanding the received band, and resets the 

5 process status to available when the received band has been 
expanded. 

10. The network system according to claim 8, wherein each 
of the at least two print data expanders expands a received band 
to bit-map band data, sets a process status of a print data expander 

10 to ^inavailable while expanding the received band, and resets the 
process status to available when the received band has been 
expanded. 

11. The network system according to claiin 7, wherein the 
page divider divides the print data for each page into the bands 

15 which are numbered from top of a page in sequence. 

12. The network system according to claim 11, wherein the 
combiner receives the bit-map band data from the at least two print 
data expanders^ determines whether the bit -map band data are 
received in original sequence of the bands, rearranges the bit-map 

20 band data in the original sequence when a sequence of the bit-map 
band data is not identical to the original sequence, and 
reproducing rhe bit-map data corresponding to the print data. 
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13. A print data control method for a network system 
composed of a print server computer and a plurality of client 
computers, comprising the steps of: 

a} dividing print data into a plurality of sequential 

bands; 

b) distributing the sequential jaauds over the print 
server computer and at least one client computer to expand the 
sequential bands to bit-map band data in parallel arnong the print 
server computer and at least one client computer; and 

c) combining the bit-map band data to produce the 
bit-map data corresponding to the print data, 

14. The print data control method according to claim 13, 
wherein the step b) comprises the steps of: 

at a client computer, 

selecting one from the sequential bands in sequence ; 

selecting one of the print server computer and the client 
computer by checking process statuses thereof; 

transferring a selected band to a selected computer; 

expanding a received band to bit-map band data; and 

setting a client process status of its own to unavailable 
while expanding the received band and resetting the client process 
status to available when the received band has been expanded, and 
at the print server computer, 

expanding a received band to bit-map band data; and 
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setting a server process status of its own to unavailable 
while expanding the received band and resetting the server process 
status to available when the received band has been expanded, 

15. The print data control method according to claim 13, 
wherein the step c) comprises the steps of: 

determining whether the bit -map band data are 
received in original sequence of the bands; 

rearranging the bit -map band data in the original 
sequence when a sequence of the bit-map band data is not identical 
to the original sequence; and 

reproducing the bit-map data corresponding to the 

print data. 



16. A print data control method for a network system 
composed of a plurality of computers^ comprising the steps of: 

a) dividing print data into a plurality of sequential 

bands ; 

b) distributing the sequential bands over available 
computers to expand the sequential bands to bit-map band data in 
parallel among the available computers; and 

c) combining the bit-map band data to produce the 
bit-map data corresponding to the print data. 

17. Th.e print data control method according to claim 16, 
wherein the step b) comprises the steps of: 
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at a first camputer, 
selecting on© f 1*0111 tils s©t3U.6rit iaX t>sncis in ssguenc©/ 
selecting one of the computers by checking process statuses 
thereof; 

5 transferring a selected band to a selected computer; 

expanding a received band to bit-map band data; and 
setting a first process status to unavailable while 
expanding the received band and resetting the first process status 
to available when the received band has been expanded, and 
10 at each of the computers other than the first 

computer, 

expanding a received band to bit-map band data; and 
setting a server process status of its own to unavailable 
while expanding the received band and resetting the server process 
15 status to available when the received band has been expanded. 

18. The print data control method according to claim 17, 
wherein the first computer further coitbines the bit-map band data 
to produce the bit-map data corresponding to the print data, 

19. The print data control method according to claim 16, 
20 wherein the step c) comprises the steps of: 

determining whether the bit-map band data are 
received ia original sequence of the bands; 

rearranging the bit-map band data in the original 
sequence when a sequence of the bit-map band data is not identical 
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to the original sequence; and 

reproducing the bit-map data cox-responding to the 

print data. 

20. A storage storing a print data control program, for 
5 use in a network system composed of a plurality of computers, the 
print data control program comprising the steps of: 

a) dividing the print data into a plurality of bands; 

b) transferring s sequentially selected one of the 
bands to an available one of at least two print data expanders 

10 each impleirsented in a computer; 

c) expanding a received band to bit-map band data in 
each of the at least two print data expanders; and 

d) combining the bit-map band data expanded by the 
at leasr two print data expanders to produce the bit-retap data 

15 corresponding to the print data. 
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ABSTRACT OF THE DISCLOSURE 

In a network system composed of a plurality of computers, 
print data is divided into a plurality of sequential bands and 
then -the sequential bands are distributed over available computers, 
at each of the available computers^ a received band is expanded 
5 to bit-map band data. The bit-map band data are combined 

according to the original sequence to produce bit-map data for 
printing corresponding to the print data. 
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